The prevention and treatment of non-communicable diseases by using the beneficial biological effects of polyphenolic plants have attracted increasing interest from nutritional scientists. The ␣ -glucosidase inhibitory and antioxidant activities of aqueous and methanolic extracts from 28 common Vietnamese edible plants, comprising 4 groups (plants used for making drinks, edible wild vegetables, herbs, and dark green vegetables), were investigated in vitro. The polyphenol contents of these extracts were determined by the Folin-Ciocalteu method and calculated as catechin equivalents. The extracts from plants used for making drinks showed the highest activities for both ␣ -glucosidase inhibition and as antioxidants, followed by edible wild vegetables, herbs, and dark green vegetables. Positive relationships among ␣ -glucosidase inhibitory activities, antioxidant activities and polyphenol contents of these 28 edible plants were found in both aqueous and methanolic extracts. Four new promising materials that are similar to or better than guava leaf extract, including Syzygium zeylanicum, Cleistocalyx operculatus, Horsfieldia amygdalina and Careya arborea demonstrated high ␣ -glucosidase inhibitory activity (93, 76, 68 and 67%, respectively) at the final concentration of 0.8 mg lyophilized material/mL solution and antioxidant activity (85, 87, 78 and 80%, respectively) at the final concentration of 30 g lyophilized material/mL solution. These four edible plants contained significantly high polyphenol contents (equivalent to 251.7, 146.6, 136.6 and 168.6 mg of catechin/g dry weight, respectively). Thus, these four materials might be possible new sources of ␣ -glucosidase inhibition and antioxidants suitable for use as functional foods in the future.
Experimental and epidemiological studies indicate the consumption of polyphenol-rich foods and beverages to be significantly associated with reduced risks for a variety of non-communicable diseases, including diabetes (1) (2) (3) . Polyphenols in plants are considered to be important ingredients for the human diet. These compounds have been reported to exert various biological effects, including antioxidant activity ( 4 ) and carbohydrate hydrolyzing enzyme inhibition ( 5 ) .
Polyphenolic compounds in plants have long been recognized to inhibit the activities of digestive enzymes due to their ability to bind with protein ( 6 ) . Various in vitro assays have shown many plant polyphenols to possess carbohydrate hydrolyzing enzyme inhibitory activities. These compounds include green tea polyphenols which inhibit the activities of ␣ -glucosidase and sucrase ( 7 ) , sweet potato polyphenols which inhibit ␣ -glucosidase activity ( 8 ) , and berry polyphenols which inhibit ␣ -glucosidase and ␣ -amylase activities ( 9 ) . The inhibitory activities of plant phytochemicals, including polyphenols, against carbohydrate hydrolyzing enzymes contribute to lowering postprandial hyperglycemia in the management of diabetes, as observed in vivo (10) (11) (12) . In vivo studies have shown polyphenolic compounds in plant materials to reduce oxidative stress by scavenging reactive oxygen species and preventing cell damage in diabetic rats ( 13 ) . The polyphenolic compounds in edible plants are currently regarded as natural antioxidants and their antioxidant activities are important for human health ( 14 ) .
An ideal anti-diabetic compound should possess both hypoglycemic and antioxidant properties, with no adverse effects. The polyphenolic compounds extracted from a number of tropical plants were observed to have both hypoglycemic and antioxidant activities ( 15 , 16 ) . The edible tropical plants are considered to be good in qualities and quantities of polyphenols and their biological functions due to strong exposure of sunlight ( 16 ) . Thus, the finding of new plant materials rich in polyphenols and beneficial biological functions in tropical countries might contribute to meeting the increas-ing needs of consumers in the world for the prevention of diseases and health promotion.
To date, there have been few studies on the polyphenol contents of Vietnamese plants ( 17 ) , and no scientific information about edible plants which have both ␣ -glucosidase inhibitory activity and antioxidant activity is available. The relationships of these two activities to the polyphenol contents of edible plants have yet to be investigated. Therefore, the objectives of the present study are to evaluate the ␣ -glucosidase inhibitory and antioxidant activities of extracts from 28 Vietnamese edible plants, in order to identify potential new sources for dietary prevention of non-communicable diseases.
MATERIALS AND METHODS
Plant materials. The common Vietnamese edible plants in this study were selected and collected from the list of Vietnamese plants of Loi ( 18 ) . Twenty-eight edible plants (Scientific, English, and Vietnamese names are listed in Table 1 ) were purchased from various local markets in both the North and the South of Vietnam. The plant materials were divided into four groups based on those used for making drinks (5 species), edible wild vegetables (11 species), herbs (5 species), and dark green vegetables (7 species). After collection, the raw materials were washed with tap-water, and the dry materials were screened. Then, all 28 materials were lyophilized, followed by grinding into a fine powder and stored at Ϫ 30˚C until use.
Aqueous/methanolic extraction. In order to compare the polyphenol content soluble in different polarity solvents and to determine the ␣ -glucosidase inhibition and antioxidant activities of the extracts, the plant samples were extracted in 2 types of solvents: distilled water and 50% methanol ( 19 ) . One hundred milligrams of ground lyophilized material was extracted with 5 mL of distilled water or 50% aqueous methanol in a pyrex tube. The tubes were sealed and the contents boiled for 2 h. The aqueous and methanolic extracts were obtained by centrifugation at 5,600 ϫ g for 15 min at 4˚C. Each material was extracted three times and stored at Ϫ 30˚C for a maximum of 1 wk before the experiments. In this research, the polyphenol contents as well as the ␣ -glucosidase inhibition and antioxidant activities of the extracted samples during the frozen storage time of 1 wk were checked.
Determination of polyphenol contents. The polyphenol amounts in aqueous and methanolic extracts were determined according to the Folin-Ciocalteu colorimetric method, as modified by Thu et al. ( 17 ) . Briefly, to 50 Assay for ␣ -glucosidase inhibitory activity. Enzyme solutions were prepared using rat intestinal acetone powder (Sigma, St. Louis, Mo., USA) as the source of ␣ -glucosidase. Fifty milligrams of rat intestinal acetone powder were homogenized with 10 mL of 0.1 M maleate buffer at pH 6.9 and centrifuged at 6,000 ϫ g for 20 min at 4˚C. The supernatant obtained before the experiment was used as the enzyme solution for the ␣ -glucosidase reaction. Each sample extract was diluted with distilled water or 50% methanol in a range of different concentrations prior to assay. Experimental procedures were carried out by the method of Matsui et al. ( 8 ) with some modifications. Fifty microliters of the enzyme solution was pre-incubated with 50 L of the extract solution and 100 L of 0.1 M maleate buffer (pH 6.9) at 37˚C for 10 min, and then the enzyme reaction was started by adding 50 L of maltose substrate solution (1% w/v in maleate buffer (pH 6.9)). The enzymatic reaction was allowed to proceed at 37˚C for 30 min, then stopped by heating at 100˚C for 5 min. The reaction mixture was then kept in an ice bath, then was added 500 L of polyvinyl polypyrrolidone (100 mg/mL) to remove flavonoid which interfered with glucose measurement. The glucose generated was measured with a commercial assay kit (Glucose C II-test, Wako Pure Chemical Industries, Ltd., Japan) at 505 nm. A control was run with 50 L of distilled water or 50% methanol instead of the sample extract. For blank determination (to allow for absorbance produced by the extract solution), the enzyme solution was replaced with 0.1 M maleate buffer (pH 6.9) and the same procedure was carried out as above. Catechin (Wako Pure Chemical Industries) was used as reference compound and was tested in a range of different concentrations. Each sample extract or reference compound was measured three times. The rate of ␣ -glucosidase inhibition was calculated as a percentage of the control by the following formula:
where As is the difference in absorbance decrease at 505 nm between a blank and the sample; Ac is the absorbance of the control. The final concentration of sample extract or reference compound for ␣ -glucosidase inhibitory activity was determined under the assay conditions and was expressed as milligram lyophilized material per milliliter solution. IC 50 value for the ␣ -glucosidase inhibition was the final concentration of the sample extract in the reaction mixture that was defined as the amount of polyphenol (as mmol catechin equivalents) necessary for 50% inhibition of the ␣ -glucosidase activity under the assay conditions.
Preparation of rat brain homogenates. Male Wistar rats receiving normal diets and weighing about 300 g were sacrificed after an overnight fast. Brains were removed and homogenized (10% w/v in 0.1 M phosphate buffer at pH 7.4). The homogenate was centrifuged at 6,500 ϫ g for 10 min at 4˚C. The supernatant was collected and stored at Ϫ 80˚C until needed. Antioxidant activity assay. For the determination of the inhibition of ascorbic acid-induced lipid peroxidation on rat brain liposomes by each of the aqueous or methanol extracts, rat brain homogenates were obtained as described above. In this method, ascorbic acid was added to the homogenate to induce the oxidation of rat brain ( 20 , 21 ) . The lipid peroxide levels were measured as thiobarbituric acid reactive substances (TBARS). The product of the reaction between malondialdehyde and thiobarbituric acid was determined using the method of Ohkawa et al. ( 22 ) with a slight modification. Each sample extract was diluted with distilled water or 50% methanol in a range of different concentrations prior to assay. The reaction mixture containing 30 L of sample extract, 45 L of 0.2 M NaHCO 3 , 150 L of 0.05 m M ascorbic acid and 975 L of phosphate buffer (0.1 M , pH 7.4) was pre-incubated for 10 min at 37˚C. Lipid peroxide was formed in the mixture by adding 300 L of rat brain homogenate, followed by incubation for 60 min at 37˚C. The incubated reaction mixture was treated with 1,500 L of 0.5% thiobarbituric acid dissolved in TCA-HCl (20% w/v trichloroacetic acid in 0.2 N HCl) and kept in a water bath at 100˚C for 30 min. After cooling in an ice bath, the mixture was centrifuged at 5,600 ϫg for 10 min at 4˚C. The supernatants were measured at 532 nm. A control was run with 30 L of distilled water or 50% methanol instead of the sample extract. For blank determination, the homogenate solution was replaced with 0.1 M phosphate buffer (pH 7.4). Catechin was used as the reference compound and was tested in a range of different concentrations. Each sample extract or reference compound was measured three times. The percentage inhibition of lipid peroxidation was determined by comparing the results of sample extracts or reference compound with the control as follows:
where As is the difference in absorbance decrease at 532 nm between a blank and the sample; and Ac is the absorbance of the control. The final concentration of sample extract or reference compound for lipid peroxidation inhibition activity was determined under the assay conditions and was expressed as microgram lyophilized material per milliliter solution. IC50 value for the antioxidant activity was the final concentration of the sample extract in the reaction mixture that was defined as the amount of polyphenol (as mol catechin equivalents) necessary for 50% inhibition of the lipid peroxidation under the assay conditions. Statistical analysis. All IC50 values were calculated from the corresponding dose inhibition curve. Some IC50 values were not determined because the sample % inhibition of lipid peroxidationϭ (AcϪAs) ϫ100 (Ac) extracts had inhibitory activities under 40% at the initial concentration of the undiluted sample extracts. All of the results were expressed as means of three different trials. Statistical correlation analyses were performed using SPSS for Windows version 12.0. A p value of less than 0.05 was considered to indicate statistically significant correlation.
RESULTS

Polyphenol contents
The polyphenol contents of aqueous and methanolic extracts from 28 Vietnamese edible plants are listed in Table 2 . In general, the polyphenol contents of methanolic extracts were higher than that of aqueous extracts. 
Alpha-glucosidase inhibitory activity
The percentages of ␣-glucosidase inhibitory activity of both aqueous and methanolic extracts from the 28 plants are shown in Table 2 . Generally, the ␣-glucosidase inhibitory activities of methanolic extracts were higher than those of the aqueous extracts. The ␣-glucosidase inhibitory activities varied widely among these plant materials, ranging from 0 to 90% for the aqueous extracts and from 0 to 93% for the methanolic extracts at the final concentration of 0.8 mg lyophilized material per mL solution as described in "Materials and Methods." Among the 4 groups of plants examined, the highest inhibitory effect was observed in those plants used for making drinks with an average value of 54% for aqueous extracts and 63% for methanolic extracts, followed by edible wild vegetables (31 and 40%), herbs (18 and 26%), and finally the dark green vegetables (15 and 19%) . At the final concentration of 0.8 mg lyophilized material per mL solution, Syzygium zeylanicum (Tram Vo do), one of the edible wild vegetables, showed the highest ␣-glucosidase inhibitory activity (aqueous/ methanolic: 90%/93%) while the no inhibitory activity was that of Piper lolot (La Lot), one of the dark green vegetables. The order of the 10 plant materials (both aqueous and methanolic extracts) with the highest inhibitory activity by percentage of ␣-glucosidase inhibition could be established: Syzygium zeylanicum (Tram Vo do) Ͼ Cleistocalyx operculatus (Voi) Ͼ Camellia sinensis (Che Xanh) Ͼ Horsfieldia amygdalina (Sang Mau) Ͼ Careya arborea (Vung Qua Xoan) Ͼ Enydra fluctuans (Rau Ngo) Ͼ Psidium guajava (Oi) Ͼ Ipomoea batatas (Khoai Lang) Ͼ Nelumbo nucifera (Sen) Ͼ Sophora japonica (Hoe). It is note worthy that all 5 plants used for making drinks had high enzymatic inhibitory activities, ranging from 40 to 69% for aqueous extracts and from 53 to 76% for methanolic extracts.
The quality of the enzymatic inhibition in these 28 plant extracts was determined by calculating the IC50, with the lower numbers indicating the higher quality of the enzymatic inhibition. Similarly, when the IC50 values of the 4 tested plant groups (as mmol catechin equivalents) were compared, those used for making drinks showed the highest enzyme inhibition, with an IC50 value of 0.25 mmol for aqueous extracts and an IC50 value of 0.19 mmol for methanolic extracts. 
Antioxidant activities
The antioxidant effects of aqueous extracts and methanolic extracts from 28 plant materials are shown in Table 3 . In general, total antioxidant activities of methanolic extracts were higher than those of aqueous extracts. Among the 28 edible plants, the 10 high antioxidant activities were found in materials (at the final concentration of 30 g lyophilized material/mL solution, both aqueous and methanolic extracts) that also had high ␣-glucosidase inhibitory activities; however, the order was slightly altered: Cleistocalyx operculatus Table 3 , all 5 extracts from plants used for making drinks showed high antioxidant activities with an average value of 75% for aqueous extracts and 78% for methanolic extracts, followed by edible wild vegetables (40 and 48%), herbs (27 and 37%), and finally the dark green vegetables (18 and 22%).
Similar to the ␣-glucosidase inhibitory activity, the quality of the antioxidants in these 28 plant extracts was determined by calculating the IC50 (as mol catechin equivalents), with the higher numbers indicating the lower quality of antioxidant. The aqueous and methanolic extracts from plants used for making drinks had the best antioxidant among the 4 plant groups with the lowest values of IC50 (2.94 and 2.85 mol, respectively). The next position belonged to the group of herbs 
Relationships among ␣-glucosidase inhibitory activity, antioxidant activity, and polyphenol contents
The correlation of determinations (r 2 ) among three parameters, ␣-glucosidase inhibitory activity, antioxidant activity and the polyphenol contents of all 28 edible tested plants, both aqueous and methanolic extracts, were calculated. Figures 1 to 3 illustrate the positive and significant relationships among ␣-glucosidase inhibitory activity, antioxidant activity, and the polyphenol contents of aqueous and methanolic extracts from 28 Vietnamese edible plants. The correlations (aqueous and methanolic: r 2 ϭ0.79 and 0.77; pϽ0.01) in Fig. 1A and B show the ␣-glucosidase inhibitory activities of all 28 edible plants to be positively related to their polyphenol contents. Similarly, in Fig.  2A and B, the correlations between the antioxidant activities and polyphenol contents of all 28 tested materials are positive and linear (aqueous and methanolic: r 2 ϭ0.75 and 0.69; pϽ0.01). Positive and significant correlations between ␣-glucosidase inhibitory activity and antioxidant activity were also demonstrated for all 28 materials (aqueous and methanolic: r 2 ϭ0.82 and 0.78; pϽ0.01) (Fig. 3A and B) .
DISCUSSION
Recent interest in plant polyphenols has focused on their potential benefits to human health. The polyphenols are capable not only of reducing oxidative stress but also of inhibiting carbohydrate hydrolyzing enzymes to prevent hyperglycemia (15, 16) . However, systematic screening of common plants to assess the relationships of the polyphenol contents with their beneficial effects has yet to be carried out in Vietnamese edible plants. The findings found in the present study not only clarified the polyphenol contents, the ␣-glucosidase inhibitory effect, and the antioxidant activity of representative Vietnamese edible plants but also identified potential new materials for the prevention of non-communicable diseases in Vietnam as well as in other countries.
Extraction of polyphenolic compounds in plant materials is influenced by their chemical structures as well as the extraction methods (19, 23) . Solubility of polyphenolic compounds is governed by the type of polarity solvent used such as methanol, diethyl ether, acetone, or water. Methanol has been known as the most effective for the extraction of the polyphenolic compounds (24) . In the present study, the extraction method using water and 50% methanol also showed that the polyphenol contents of methanolic extracts were higher than those of aqueous extracts. These results are in accordance with the recent findings of Cai et al. (19) who studied the polyphenol contents of the aqueous and methanolic extracts from 112 medicinal plants. In this study, the sample extracts were checked for the storage stability during frozen storage at Ϫ30˚C for 1 wk. The polyphenol contents as well as the ␣-glucosidase inhibition and antioxidant activities of these 28 plant extracts did not change during frozen storage (data not shown). This storage stability result was similar to that found in the study of van der Sluis et al. (25) , who reported that polyphenolic antioxidants and antioxidant activity of enriched apple juice were quite stable under ambient or refrigerated storage conditions.
The digestion of carbohydrates can be slowed by eating foods containing components that inhibit carbohydrate hydrolyzing intestinal enzymes, a property comparable to that of drugs used for inhibiting these enzymes in the treatment of postprandial hyperglycemia, including acarbose, miglitol, and voglibose. Hundreds of plant species have been studied for their potential blood glucose-lowering properties (26, 27) . Several plants are known to exert anti-hyperglycemic effects via the inhibition of carbohydrate hydrolyzing enzymes in the small intestine. In our study, strong ␣-glucosidase inhibitory activities of extracts from Camellia sinensis, Psidium guajava, and Ipomoea batatas were also demonstrated. These results are in accordance with the previous in vitro and in vivo studies (7, 10, 12) for the inhib- itory activities against ␣-glucosidase of green tea, guava and sweet potato. Moreover, other plant materials were identified in the present study as having high ␣-glucosidase inhibitory activity. These include Syzygium zeylanicum, Cleistocalyx operculatus, Careya arborea and Horsfieldia amygdalina, and are potential sources of the blood glucose-lowering materials which may aid in the management of the blood sugar of diabetic patients. We also certified that plant materials rich in polyphenol contents show strong activity for ␣-glucosidase inhibition in this study and the significant correlations between them were found as shown in Fig. 1A and B.
The results of antioxidant assay of 28 materials in the present study also show that the plant extracts rich in polyphenol contents have strong antioxidant activity. Thus, positive correlations between antioxidant activities and polyphenol contents were also demonstrated in Fig. 2A and B of this study. These results support the role of polyphenolic compounds in the antioxidant activities of these plants, in agreement with previous reports (17, 19, 28) which indicated that the antioxidant capacity of vegetables depends on the amount of flavonoids that each vegetable possesses. The plant materials with high polyphenol contents had both strong ␣-glucosidase inhibitory activity and strong antioxidant activity. The positive and significant relationships found among these three parameters were observed in our study as shown in Figs. 1-3 . We therefore strongly confirmed that polyphenolic compounds are the main biological components in these 28 common Vietnamese edible plants.
The calculation of the IC50 values show that the capacity of the enzymatic inhibition and the antioxidant activity of these 28 sample extracts not only depend on the quantity of polyphenols but also might depend on the quality of polyphenols. Tadera et al. (29) described the relationship between the structures of six groups of flavonoids and their ␣-glucosidase inhibitory activity. Pulido et al. (30) reported that the antioxidant efficiency of the polyphenols seemed to depend on the extent of hydroxylation and conjugation. Our further studies are in progress to identify the major polyphenols that contribute to the biological activities of these 28 sample extracts.
One of the main findings in this study was that four new promising materials were found among 28 edible plants, namely Syzygium zeylanicum, Cleistocalyx operculatus, Horsfieldia amygdalina and Careya arborea (Fig. 4) , since these 4 tropical materials demonstrated strong ␣-glucosidase inhibitory and antioxidant activity as well as significantly high polyphenol contents in comparison with guava leaf extract ( Table 4) . As described by Loi (18) , all these 4 plants are evergreen perennial trees, which grow in tropical areas. Syzygium zeylanicum and Cleistocalyx operculatus belong to the Myrtaceae family, Horsfieldia amygdalina belongs to the Myristicaceae family and Careya arborea belongs to the Lecythidaceae family. In Vietnam, the leaves of these 4 plants are frequently used as vegetables or for making drinks, and also for some traditional medicinal purposes, such as a remedy for diarrhea or an antimicrobial. To date, there are no scientific studies on their beneficial biological functions such as the ␣-glucosidase inhibitory and antioxidant activity of these 4 plants.
In conclusion, studies on the health benefits of plant polyphenols have attracted the interest of scientists seeking to prevent disease and promote health. Our results have demonstrated the beneficial biological effects and the positive relationships between the quantity of polyphenolic compounds and ␣-glucosidase inhibition/antioxidant activity of 28 edible plants in Vietnam. Besides, 4 new materials found in this study hold a promise for their biological functions in the prevention of non-communicable diseases. 
